Introduction Ankle fractures are common in the elderly population. Surgical fixation is technically challenging and often results in complications due to high rates of osteoporosis and vascular disease. Open reduction and internal fixation (ORIF) often requires prolonged periods of non-weight bearing increasing the risks of complications. Tibiotalocalcaneal (TTC) nailing has been suggested as an alternative to ORIF which allows immediate weight bearing, and is suggested to result in fewer complications. This study aims to compare the two surgical techniques in the elderly population with ankle fractures. Methods and analysis The study will be a multicentre, prospective, randomised controlled trial comparing ORIF to TTC nailing in 110 patients with ankle fractures aged 50 or above with a Charlson Comorbidity Index of greater than or equal to four. Participants and assessors will not be blinded to intervention. The primary outcome measure will be overall complication rate. Secondary outcomes include length of hospital stay, mobility at discharge, discharge destination, the American Orthopaedic Foot and Ankle Society Ankle-Hindfoot score, the Olerud-Molander Ankle Score, mortality rate, rate of secondary surgical interventions and number of blood transfusions required postoperatively. Our null hypothesis is that there is no clinically significant difference in the primary outcome measure between the two treatment groups. Ethics and dissemination The study has been approved by Metro South Hospital and Health Services Human Research Ethics Committee (EC00167) (reference number HREC/17/QPAH/351). Discussion Completion of this trial will provide evidence on the effectiveness of TTC nailing versus ORIF in treatment of the elderly ankle fracture. If TTC nailing is found to result in superior outcomes, this trial has the capacity to change current clinical practice.
trial registration number ACTRN12617001588381;Pre-results andU1111-1203-1704.
bACkgrounD Ankle fractures in the elderly population are common and comprise the third most common extremity fracture in this demographic. [1] [2] [3] [4] Like fragility fractures of the hip, elderly ankle fractures occur frequently in osteoporotic patients following low energy trauma, most commonly a fall from standing height. 5 Ankle fractures in this population are associated with significant morbidity and mortality, with 12-month mortality rates described as between 11.9% and 27%. [6] [7] [8] With an ageing population worldwide, the incidence of elderly ankle fractures and their impact on healthcare systems and society is expected to become greater with time. [9] [10] [11] [12] The mainstay of treatment for unstable ankle fracture patterns is open reduction and internal fixation (ORIF), which results in improved fracture reduction, higher rates of union and superior patient outcomes Open access when compared with non-operative management. 4 8 12-18 However, a high prevalence of osteoporosis makes fracture fixation technically challenging and increases the rate of failure. 12 19 20 Tenuous fixation often requires a prolonged period of non-weight bearing, putting the elderly patient at risk of pressure sores, pneumonia and venous-thromboembolic events. 12 21-23 Furthermore, elderly patient's poor soft tissue and compromised vasculature increase local wound complications. 21 24 25 Tibiotalocalcaneal (TTC) nailing has been suggested as an alternative to ORIF in the management of ankle fractures in the elderly patients. The technique is minimally invasive and allows for immediate weight bearing, with reports in the literature suggesting a lower complication rate than ORIF. 19 21 26 27 Trials have shown a high return to premorbid level of mobility and patient satisfaction following TTC nailing. However, there is a paucity of comparative trials, with the majority of the literature concerning TTC nailing in elderly ankle fractures being limited to a small number of case series. 19 21 26 27 One randomised controlled trial (RCT) has directly compared TTC nailing with ORIF. 28 In 2017, an RCT of 87 participants aged 70 years and older found a reduction in postoperative complications, hospital length of stay and mortality in patients treated with TTC nailing when compared with ORIF. 28 However, the study suffered from poor reporting-there was no reporting of scientific methods for the primary outcome measure, the sample size nor the method of randomisation. It was reported that there were 43 participants in the TTC nailing group and 44 participants in the ORIF group. However, the results of the trial are calculated on groups of 37 and 36 respectively without clear explanation to the change in numbers. These shortcoming results of this trial must be interpreted with caution, and further robust RCTs are needed to substantiate TTC as a valid technique in the elderly ankle fracture patient.
The purpose of this study is to directly compare TTC nailing with ORIF in the management of unstable ankle fractures in the elderly via an RCT study design. The primary hypothesis is that TTC nailing results in fewer complications when compared with ORIF.
MEthoDs study design
The following protocol has been developed per Standard Protocol Items: Recommendations for Interventional Trials guidelines. 29 This study will be a multicentre, prospective, RCT comparing the outcome following either TTC or ORIF in elderly patients with unstable ankle fractures. The trial will be conducted in three tertiary hospitals in Queensland, Australia with more centres expected to be recruited over the duration of the trial. Study sites are included in the online supplementary appendices of this protocol.
Blinding is inherently difficult in surgical trials, and neither surgeons nor participants will be blinded to treatment allocation. An independent statistician performing statistical analysis will be blinded to allocation groups.
recruitment and consent
The study population will be individuals aged 50 years or over presenting to participating institutions with an isolated, displaced and closed ankle fracture. Individuals must have a Charlson Comorbidity Index (CCI) of four or greater to be eligible to participate. The CCI predicts 10-year mortality, with stepwise increases in cumulative mortality with each level of the index. 30 It has been shown in orthopaedics trials to correlate significantly with complications and mortality rate. 31 32 Eligible individuals will be invited to take part in the trial. Written information along with a detailed explanation of the trial will be given by a member of the research team. Consenting patients meeting all inclusion criteria and none of the exclusion criteria will be enrolled in the study. treatment allocation Individuals consenting to participate in the trial will be randomised to surgery either by TTC or by conventional ORIF. A 24-hour randomisation service will be provided by Sealed Envelope. The sequence will be stratified by study centre and age (<80 or >80), and allocated in random blocks of four, six and eight. Age over 80 has been shown to be a major risk of complications Open access following ankle fracture. 34 Stratified randomisation has been recommended for clinical trials with less than 200 participants per treatment arm. 35 
study participants

Intervention
All operations are to be performed by consultants or their trainees under direct supervision. Level of seniority of surgeon will be recorded. Patients are positioned supine on a radiolucent table with a sandbag under the ipsilateral hip. All patients will receive intravenous antibiotics. A tourniquet will be used for all operations.
TTC nailing will be performed using the Styker T2 Ankle Arthrodesis Nail. The patient's foot is positioned in neutral dorsoplantar flexion, 5°-10° of external rotation and 5° of hindfoot valgus. Closed reduction of the fracture is performed under image intensifier (II) guidance. The longitudinal axis of the calcaneus and tibia are marked on the patient using a Kirschner wire (K-wire) and a marking pen. A 2-3 cm longitudinal incision is made at the intersection of the marked lines, followed by soft tissue dissection to gain access to the plantar aspect of the calcaneus. A K-wire is then inserted through the incision, and after confirmation of positioning with II, it is progressed through the calcaneus, across the subtalar and talocrural joints and into the tibial medullary canal. A rigid reamer is used over the wire and reamed until it reaches the medullary canal of the tibia.
A ball-tipped guide is then passed into the tibia with sequential reaming over the wire to 1-1.5 mm greater than the nail diameter previously selected. A long (300-mm) nail will be used, as shorter nails are associated with a higher rate of anterior tibial pain and periprosthetic fracture. 19 The nail is then locked with one screw proximally through the dynamic hole of the nail tibial shaft, and two distally in the calcaneus in orthogonal planes. Skin will be closed with 3.0 nylon interrupted sutures. Patients will be placed in a cam walker and allowed to full weight bear day 1 postoperatively.
ORIF will be performed using AO principles via a medial and lateral approach. Fibular fixation will be performed either using dynamic compression plating (DCP) (1/3 tubular plate with 3.5 mm screws), or with locking compression plates (LCP). The choice of DCP or LCP will be left to the discretion of the orthopaedic consultant in charge of the case. Medial malleolus fixation and posterior malleolus fracture fixation, if required, will be carried out. Closure of the wounds will be in layers with 2.0 vicryl to deeper layers, and 3.0 nylon interrupted sutures to skin. A below knee plaster of paris back slab will be applied.
In both groups, II will be used to assess quality of reduction intraoperatively and saved to the local Picture Archiving and Communication System. If any concern arises regarding the quality of images from II during surgery, day 1 postoperative X-rays will be obtained.
Postoperative management
Participants in the TTC nailing group will have no weightbearing restrictions and will mobilise as tolerated day 1 postoperatively under the guidance of a physiotherapist.
Participants in the ORIF group will be non-weight bearing for 2 weeks in a plaster cast. At 2 weeks, the cast will be exchanged for a controlled ankle motion (CAM) walking boot. Participants will remain non-weight bearing for a further 4 weeks, but will be allowed to remove the boot for simple range of motion exercises. If clinical assessment and radiographs performed 6 weeks postoperative are satisfactory, all patients will be allowed to weight bear as tolerated in a CAM walking boot.
outcome measures
The primary outcome measure will be overall complication rate, which will be a composite score of the following: 11. EuroQol 5 Dimensions (EQ-5D) quality of life outcome measure. Surgical complications include wound infection, wound dehiscence, deep surgical infection, intraoperative fracture and periprosthetic fractures. A composite score of surgical complications will be the primary outcome measure. The requirement for blood transfusions will be determined from participant's electronic health record over the intraoperative and postoperative period. All medical complications will be recorded, including deep vein thrombosis and pulmonary embolus.
Length of hospital stay will include both acute hospital length of stay, and total length of stay in the cases of patients discharged to a rehabilitation facility. Complications will be recorded from medical records.
Non-union will be assessed at 9 months postoperatively, and is defined as failure of fracture to unite in three of four cortices on two radiographs taken in perpendicular planes, with the absence of progressive signs of healing over the course of 3 consecutive months. 36 At discharge from hospital, mobility and destination will be recorded. Mobility status at discharge will be assessed by a qualified physiotherapist, and categorised as follows: 1. Independent with no additional assistance. 2. Single point stick/walking stick. 3. Crutches. 4. Four-wheeled walker. 5. Hopper frame. 6. Wheelchair users. 7. Bed bound.
Destination will be categorised as participant's normal residence, supported accommodation, rehabilitation facility or nursing home.
The AOFAS Ankle-Hindfoot scale combines subjective patient reported outcomes with objective, clinician measured outcomes to form a 100-point scale. 37 The maximal combined score is 100 points which indicates that the participant has no pain nor functional deficit. The clinician measured that part of the scale has been validated and shown to be reliable. 38 The OMAS is self-administered questionnaire used to determine functional outcomes following ankle fracture, 39 and has been shown to be a valid and reliable measurement tool for ankle fractures. 40 It would be expected that the TTC nailing group will have poor stiffness scores; however, the measure has been included due to use in previous studies of TTC nailing thereby allowing results to be collated in future meta-analyses. 19 26 28 Secondary intervention required for infection, implant failure, metalwork failure, to relieve pain or improve function will be recorded from medical records. This will be followed for the entirety of the study duration.
Mortality data will be recorded for intrahospital deaths. Out of hospital deaths will be confirmed by Australia's Births, Deaths and Marriages registry. The 30-day, 90-day, 1-year and 2-year mortality rates will be recorded.
The EQ-5D is a questionnaire validated for measuring health-related quality of life. The EQ-5D-3L has been validated for use in chronic pain, and has been shown to have good test-retest reliability. 41 42 The EQ-5D-3L will be administered preoperatively, and at 3, 6 and 12 months postoperatively.
A timeline of the study period may be seen in online supplementary table 1.
Follow-up
All participants will be reviewed as per standard of care at our hospital for the targeted patient group, with reviews at 2 weeks, 6 weeks, 3 months, 6 months, 12 months and 24 months. Anteroposterior and lateral X-rays will be taken at all reviews except for the initial 2-week wound review. A member of the research team will review participant secondary outcome measures at each appointment.
sample size calculation One RCT has previously compared ORIF with TTC nailing, reporting complication rates of 33% and 8%, respectively. 28 To reject the null hypothesis that complications rates are equal between groups, 40 subjects are needed per group with power set at 80%. The Type I error probability associated with this test of this null hypothesis is 5%. We will use an uncorrected χ 2 statistic to evaluate this null hypothesis. Previous studies have indicated a mortality rate in similar cohorts of 10%-20%. 6-8 28 With an expected 10% loss to follow-up and 20% mortality rate gives 53 participants in each group which has been rounded to 110 participants total.
Prior analysis of incidence at the primary institute has indicated the requirement of additional centres to achieve recommended sample size. If recruitment numbers remain low, additional institutes will be invited to participate to reach the target sample size.
Data collection and management
Data collection will be primarily electronically based. Data collected by local site investigators will be sent securely to principle investigator at the primary institution. All data will be deidentified prior to sending. Data will be stored on a password protected computer in a locked office in the primary institution. Personal information collected at recruitment will be kept in paper format at the local institution in a locked filing cabinet. Five years following the conclusion of the trial, all paper copies of personal information will be destroyed.
An attempt will be made to minimise missing data. Multiple contact details will be taken at recruitment including telephone numbers, mobile telephone numbers, addresses and email addresses. A system of reminders will be used to ensure participant return to clinic is as complete as possible. Phone contact and written letter with appointment details will be sent prior to appointments. Participants who do not attend clinic will be contacted via phone, email and written letter. This will be repeated twice at 2 weekly intervals. Failure to respond after third attempt at contact will result in a participant being deemed as lost to follow-up.
Data analysis
All data will be entered into a password protected excel database. Statistical analyses will be conducted using SPSS or Stata. Data will be reported on following CONsolidated Standards Of Reporting Trials (CONSORT) guidelines. 43 The characteristics of the sample allocated to each arm of the trial will be described and any differences between groups in potential confounding variables (eg, clinical characteristics) will be examined using appropriate inferential statistics for between group comparisons (eg, Fisher's exact test) using baseline data. Data related to potential benefit of TTC nailing versus ORIF will be analysed using 'intention-to-treat' principle, defined as participants being analysed according to their randomly allocated study group regardless of treatment received, who completed follow-up data collection and who received the recommended length of interventions. To examine the potential effect of TTC nailing versus ORIF, potential between group differences in Open access primary and secondary outcomes will be examined using generalised linear mixed models (using appropriate family functions and transformations where necessary, dependent on the characteristics of observed data). For variables collected at multiple assessment points, all timepoints will be included to allow non-biased estimates of treatment effect in the presence of any potential missing cases, providing data are missing at random. However, a sensitivity analysis to missing data will also be carried out using multiple imputation if >10% of data are missing to ensure that there are no unexpected biases. This approach also permits adjustment for any between group differences in potential confounders at baseline (eg, age, sex and body mass index). Significance will be set at less than 0.05. An attempt will be made to minimise missing data by ensuring adherence to follow-up. This will include recording multiple contact details for participants where possible at the time of recruitment to maximise ability to contact participants who fail to attend a scheduled follow-up appointment.
Patient and public involvement TTC nailing is often used as a 'salvage operation' in elderly ankle fractures following failed fixation, but there is limited literature on its use as a primary treatment modality. The research question was developed to address this. Patients were not involved in the design of the study, the recruitment or conduct of the study. Results of this trial will be available through publication in a peer-reviewed journal, and at national orthopaedic scientific meetings. The burden of intervention will not be assessed by patients.
EthICs AnD DIssEMInAtIon safety
This trial compares a new surgical intervention with the current standard of care. A previous RCT has indicated a reduction in surgical and medical complications with use of this technique. 28 While serious adverse events with TTC nailing are not anticipated, an independent data safety monitoring board will be established at commencement of this trial. This board will meet at 6 months following the commencement of this trial for interim analysis.
Following conclusion of the trial, participant follow-up will follow local participating institute guidelines. Any detrimental medical effects on participants as a result of the trial will be managed at the local institution as appropriate for the individual case.
Ethics
Any protocol modifications will be reported to the HREC, trial registry, publisher of protocol and individual trial participants. All adverse events will be reported the HREC committee.
Confidentiality of personal participant data will be managed as discussed previously in data collection and management.
Dissemination
The results of the study will be presented at national orthopaedic scientific meetings such as the Australian Orthopaedic Association Annual Scientific Meeting. Results will be published in an orthopaedic or general medical journal following completion of the trial. Data will be reported on following CONSORT guidelines. 43 Any protocol modifications or amendments will be communicated to the local HREC, trial registry and publishing journal.
DIsCussIon
Unstable ankle fractures in the elderly pose a management dilemma due to poor bone and soft tissue quality and often numerous comorbidities of the patient. Operative management with TTC nailing is less invasive and allows for early mobilisation and would be expected to result in earlier recovery with less complications when compared with ORIF.
To date there have been four case series and one RCT on this subject. Lemon et al reported on a case series of 12 patients, with no cases of non-union nor delayed union, and all patients satisfied with outcome of treatment. 26 Amirfeyz et al found no intraoperative complications; however had one revision due to varus malalignment and one death due to postoperative bronchopneumonia in a case series of 13 participants with a mean age of 78.9 21 . All patients returned to preoperative mobility and had minimal pain at final follow-up. 21 Jonas et al reported on a number of surgical complications, including three periprosthetic fractures and two broken nails. 27 In a subsequent case series of 48 participants in 2014 by Al-Nammari et al, a long nail which crosses the isthmus of the tibia was recommended as it avoided the risk of periprosthetic fracture, 19 and it could be inferred that the complications reported by Jonas et al were due to use of a short TTC nail.
Georgiannos et al performed the only RCT to date comparing TTC nailing to ORIF, reporting a lower mortality rate (13.9% vs 18.1%) and a lower complication rate (8.1% vs 33.3%) in the TTC nailing group. 28 There was no significant difference between the groups with respect to hospital length of stay, return to premorbid mobility and functional outcome scores. However as outlined previously, there are a number of inconsistencies in the reporting of the study, and any recommendations for clinical practice using this literature should be interpreted with caution. The literature to date surrounding TTC nailing for the elderly ankle fracture is promising; however, there is currently no high quality, level I evidence to support its use.
It is clear that there is an important need for a definitive trial to guide practice, and if our study hypothesis is proven correct, this study has the capacity for a paradigm shift in elderly ankle fracture management. Strengths of this study include randomisation and the multicentre study design, which improves generalisability of results, along with the use of the CCI for inclusion criteria.
Open access
Additionally, leaving the choice of using LCP or DCP plates for the ORIF group up to surgeon discretion reflects current practice. Using a CCI of four or greater rather than a strict age criterion allows inclusion of younger patients with significant comorbidities that would be at risk of complications in ankle fracture surgery. Likewise, it excludes the healthy, active older individual for whom TTC nailing would limit ankle ROM and function.
Limitations of this study is the lack of blinding of participating surgeons, participants and assessors. Blinding was not used in this study-it is impossible to blind the participating surgeons to operative technique, and rigidity of the ankle joint post TTC nailing would be obvious to participants and assessors.
Inclusion of participants into the trial will commence in December 2017, with data collection expected to be complete by the end of 2019. With follow-up of 2 years, the data will be expected to be presented during the course of 2021.
